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,QWURGXFWLRQ
2Q$SULOWKHILUVWVHQVRURIWKH6HQWLQHO6FRQVWHOODWLRQ6HQWLQHO$6$ZDVODXQFKHGSURYLGLQJ
WKH VFLHQWLILF FRPPXQLW\ ZLWK &%DQG 6$5 GDWD FROOHFWHG LQ FRQWLQXLW\ ZLWK WKH ILUVW JHQHUDWLRQ (56 DQG
(19,6$7PLVVLRQV,WLVFKDUDFWHUL]HGE\VLJQLILFDQWHQKDQFHPHQWVLQWHUPVRIUHYLVLWWLPHFRYHUDJHWLPHOLQHVVDQG
VHUYLFHUHOLDELOLW\,QSDUWLFXODU6$,QWHUIHURPHWULF:LGH6ZDWK,:6VFHQHVDUHFROOHFWHGWKURXJKWKHLQQRYDWLYH
DFTXLVLWLRQ PRGH UHIHUUHG WR DV 7HUUDLQ 2EVHUYDWLRQ E\ 3URJUHVVLYH 6FDQV 7236 ZKLFK DOORZV D VLJQLILFDQW
LPSURYHPHQWRIWKHUDQJHFRYHUDJHRIDERXWNPZLWKUHVSHFWWRWKHFRQYHQWLRQDO6WULSPDSPRGH0RUHRYHURQ
$SULOWKHWZLQVHQVRU6HQWLQHO%ZDVDOVRODXQFKHGWKXVIRUPLQJDFRQVWHOODWLRQZLWKDUHYLVLWWLPHRI
GD\V2ISDUWLFXODUUHOHYDQFHLVDOVRWKHOLPLWHGH[WHQVLRQRIWKH6RUELWDOWXEHZKLFKKDVJRWDGLDPHWHURIDERXW
P+HQFHWKDQNVWRERWKLWVVPDOOVSDWLDODQGWHPSRUDOEDVHOLQHVWKH6HQWLQHOFRQVWHOODWLRQLVVSHFLILFDOO\RULHQWHG
WRLQWHUIHURPHWULFDSSOLFDWLRQV6XFKFKDUDFWHULVWLFVFRXSOHGZLWKWKHDGRSWHGIUHHDQGRSHQDFFHVVSROLF\IRUGDWD
GLVVHPLQDWLRQIRVWHUWKHH[SORLWDWLRQRILQWHUIHURPHWULFPHWKRGRORJLHVDQGWKHUHOHYDQWSURGXFWV
,Q WKLV SDSHU ZH IRFXV RQ 'LIIHUHQWLDO 6$5 ,QWHUIHURPHWU\ ',Q6$5 WHFKQLTXH ZKLFK LV D ZHOOHVWDEOLVKHG
PLFURZDYH UHPRWH VHQVLQJPHWKRGRORJ\ WKDW DOORZVXV WRHVWLPDWH WKHJURXQGGHIRUPDWLRQVZLWKD FHQWLPHWHUWR
PLOOLPHWHUDFFXUDF\>@2YHUWLPH',Q6$5KDVPRYHGIURPWKHDQDO\VLVRIVLQJOHGHIRUPDWLRQHSLVRGHVWRZDUGV
WKHVWXG\RIWKHWHPSRUDOHYROXWLRQRIWKHGHWHFWHGGLVSODFHPHQWVWKDQNVDOVRWRWKHDYDLODELOLW\RIODUJHVHTXHQFHVRI
6$5GDWD$ZHOONQRZQ',Q6$5DOJRULWKPLVWKHRQHUHIHUUHGWRDV6PDOO%$VHOLQH6XEVHW6%$6>@ZKLFKLV
DEOH WR SURFHVV ODUJH VHWV RIPXOWLWHPSRUDO 6$5 LPDJHV WKXV UHWULHYLQJPHDQ GHIRUPDWLRQ YHORFLW\PDSV RI WKH
LQYHVWLJDWHGDUHDVDQGIRUHDFKFRKHUHQWWDUJHWRQWKHJURXQGWKHUHOHYDQWGLVSODFHPHQWWLPHVHULHV
5HFHQWO\DSDUDOOHOYHUVLRQRIWKH6%$6DOJRULWKPUHIHUUHGWRDV36%$63DUDOOHO6PDOO%$VHOLQH6XEVHWDEOH
WRSURSHUO\H[SORLWGLVWULEXWHGFRPSXWLQJLQIUDVWUXFWXUHVLHFOXVWHUJULGFORXGKDVEHHQGHYHORSHG,WPDNHVXVH
RIERWKPXOWLFRUHDQGPXOWLQRGHSURJUDPPLQJWHFKQLTXHVDQGLVEDVHGRQDQ³ad - hoc´GHVLJQHGGLVWULEXWHGVWRUDJH
LPSOHPHQWDWLRQZKLFKLVDLPHGDWJXDUDQWHHLQJVXVWDLQHGVFDODEOHSHUIRUPDQFHVDOVRIRUPDVVLYHDPRXQWVRIGDWDWR
EHSURFHVVHG
,QWKLVSDSHUZHSUHVHQWDQLQQRYDWLYH36%$6SURFHVVLQJFKDLQIRU6HQWLQHOGDWDZKLFKKDVEHHQGHVLJQHGZLWK
DVWUDWHJ\ WKDWVWURQJO\ WDNHV LQWRDFFRXQW WKHGDWDDFTXLVLWLRQFKDUDFWHULVWLFVRI WKH7236PRGH>@ ,QGHHG,:6
VFHQHVFRQVLVWRIVHULHVRIEXUVWVWKDWFDQEHFRQVLGHUHGDVLQGHSHQGHQWVHSDUDWHDFTXLVLWLRQV7KLVPDNHVDODUJHSDUW
RIWKHSURFHVVLQJLQKHUHQWO\SDUDOOHODWDEXUVWJUDQXODULW\OHYHOVXFKDFRQGLWLRQLPSOLHVWKDWWKHSURFHVVLQJWLPHFDQ
VLJQLILFDQWO\ EH UHGXFHG WKDQNV WR WKH DYDLODELOLW\ RI ODUJH FRPSXWLQJ UHVRXUFHV0RUHRYHUZH GLVFXVV DERXW WKH
LPSOHPHQWDWLRQRIWKHSUHVHQWHG36%$66SURFHVVLQJFKDLQZLWKLQWKH$PD]RQ:HE6HUYLFHVFORXGHQYLURQPHQW
VKRZLQJVRPHSUHOLPLQDU\UHVXOWV
36%$6SURFHVVLQJFKDLQIRU6HQWLQHOGDWD
7KH6%$6DSSURDFK>@UHOLHVRQDSURSHUVHOHFWLRQRIGLIIHUHQWLDO6$5LQWHUIHURJUDPVWKDWFDQEHSURILWDEO\XVHG
WRJHQHUDWHVSDWLDOO\GHQVHGLVSODFHPHQWPDSVDQGWKHFRUUHVSRQGLQJWLPHVHULHV5HFHQWO\DSDUDOOHOLPSOHPHQWDWLRQ
RIWKH6%$6DSSURDFKUHIHUUHGWRDV36%$6>@DEOHWRHIILFLHQWO\UXQLQODUJHFRPSXWLQJLQIUDVWUXFWXUHVJULGDQG
FORXGKDVEHHQGHYHORSHGWRDOORZIRUDQHIIHFWLYHFRPSXWDWLRQRIODUJH6$5GDWDVHTXHQFHVZLWKDGYDQFHG',Q6$5
DSSURDFKHV6XFKDWRSLFLVWKHUHIRUHJDLQLQJLPSRUWDQFHGXHWRWKHODUJHDYDLODELOLW\RI6$5VHQVRUVDEOHWRSURYLGH
DYHU\KLJKGDWDVWUHDPDVLQWKHFDVHRIWKH6HQWLQHOFRQVWHOODWLRQ
2.1 Sentinel-1 P-SBAS processing chain implementation 
7KH7236DFTXLVLWLRQPRGHGHVLJQHGWRFROOHFW6HQWLQHO,:6LPDJHVUHTXLUHVSURSHUSURFHVVLQJVROXWLRQVWRWDFNOH
LWVVSHFLILFSHFXOLDULWLHV,QGHHGWKH7236PRGHLVTXLWHVLPLODUWRWKH6FDQ6$5RQHVLQFHGXULQJWKHDFTXLVLWLRQ
WLPHWKHDQWHQQDEHDPLVVZLWFKHGF\FOLFDOO\DPRQJWKHGLIIHUHQWVXEVZDWKV+RZHYHUXQOLNH6FDQ6$5LQWKH7236
PRGH WKH VHQVRU VFDQV WKH LPDJH ZLWK YHU\ ORQJ EXUVWV E\ URWDWLQJ WKH DQWHQQD WKURXJKRXW WKH DFTXLVLWLRQ IURP
EDFNZDUGWRIRUZDUGUHVXOWLQJGLIIHUHQWO\WRWKHVSRWOLJKWPRGHLQDZRUVHQLQJRIWKHD]LPXWKUHVROXWLRQ6XFKD
QHZDFTXLVLWLRQPRGH OHDGV WR WKHQHFHVVLW\RIGHYHORSLQJRULJLQDO DQG LQQRYDWLYHSURFHVVLQJDOJRULWKPV IRU WKH
SURSHUH[WUDFWLRQRI(DUWK2EVHUYDWLRQLQIRUPDWLRQIURP6$5GDWDZLWKSDUWLFXODUHPSKDVLVRQLPDJHFRUHJLVWUDWLRQ
1178   C. De Luca et al. /  Procedia Computer Science  100 ( 2016 )  1176 – 1180 
DQG LQWHUIHURJUDP JHQHUDWLRQ SURFHGXUHV ,QGHHG FRQWUDU\ WR WKH VWDQGDUG VWULSPDS DFTXLVLWLRQ PRGH 7236 LV
FKDUDFWHUL]HG E\ KLJK D]LPXWK 'RSSOHU FHQWURLG YDULDWLRQV WKDW FDXVH QRQQHJOLJLEOH SKDVH DUWHIDFWV DOVR LQ WKH
SUHVHQFHRIVPDOOPLVUHJLVWUDWLRQHUURUVZKLFKQHHGWREHSURSHUO\HVWLPDWHGDQGILOWHUHGRXW
,QRUGHUWRHIIHFWLYHO\H[SORLWWKHSDUDOOHOSURFHVVLQJRQODUJHFRPSXWLQJHQYLURQPHQWWKHGHYHORSHG36%$66
SURFHVVLQJ FKDLQ H[SORLWV WKH EXUVW FRPSRVLWLRQ FKDUDFWHUL]LQJ WKH ,:6 GDWD WKXV EHQHILWLQJ IURP WKH LQWULQVLF
JUDQXODULW\ RI 6 GDWD 7KHUHIRUH WKH EXUVW SDUWLWLRQLQJ LV SUHVHUYHG GXULQJ WKH FRUHJLVWUDWLRQ DQG LQWHUIHURJUDP
JHQHUDWLRQVWHSVDVZHOODVGXULQJWKHUHVLGXDOSKDVHVKLIWHVWLPDWLRQWKURXJKWKHVSHFWUDOGLYHUVLW\6'PHWKRG>@
7KLVDOORZVXVWRGLVWULEXWHWKHSURFHVVLQJRIGLIIHUHQWEXUVWVDPRQJGLIIHUHQWFRPSXWLQJQRGHVIROORZLQJWKHVDPH
VWUDWHJ\SUHVHQWHGLQ>@IRUSDUDOOHOL]LQJERWKWKH6$5LPDJHSURFHVVLQJDQGWKHLQWHUIHURJUDPJHQHUDWLRQ
$IWHU WKH FRUHJLVWUDWLRQRSHUDWLRQ WKH LQWHUIHURJUDPJHQHUDWLRQ DQG WKH UHVLGXDO SKDVH VKLIW HVWLPDWLRQ VWHSV DOO
LPSOHPHQWHG RQ D EXUVWE\EXUVW EDVLV WKHPLVUHJLVWUDWLRQ UHVLGXDOV UDPSV DUH UHPRYHG 6XEVHTXHQWO\ IRU HDFK
LQWHUIHURPHWULFGDWDSDLUWKHZKROHGLIIHUHQWLDO6$5LQWHUIHURJUDPDQGWKHFRKHUHQFHPDSDUHJHQHUDWHGE\SURSHUO\
PRVDLFNLQJWKHSUHYLRXVO\FRPSXWHGEXUVWE\EXUVW,Q6$5GDWDSURGXFWVLQRUGHUWRJHQHUDWHVLQJOHPDSVFRYHULQJ
WKHZKROHLQYHVWLJDWHGDUHDRQWKHJURXQG
2QFHDVHTXHQFHRIGLIIHUHQWLDO6$5LQWHUIHURJUDPVLVJHQHUDWHGWKH\DUHWKHQXVHGWRFRPSXWHGHIRUPDWLRQWLPH
VHULHV E\ DSSO\LQJ WKH6%$6 DOJRULWKP6%$6EDVLFDOO\ FRQVLVWV LQ WKH FDVFDGH RI WKH3KDVH8QZUDSSLQJ 3K8
RSHUDWLRQDQGWKHLQYHUVLRQRIXQZUDSSHGLQWHUIHURJUDPVWKURXJKWKH6LQJXODU9DOXH'HFRPSRVLWLRQ69'PHWKRG
,QSDUWLFXODU3K8VWHSLVSHUIRUPHGE\XVLQJWKH([WHQGHG0LQLPXP&RVW)ORZ(0&)DSSURDFK>@
,W LV ZRUWK QRWLQJ WKDW ZKHQ WKH SURFHVVLQJ RI ODUJH ',Q6$5 GDWDVHWV FKDUDFWHUL]HG E\ KXQGUHGV RI 6$5
DFTXLVLWLRQVDQGFRQVHTXHQWO\E\DKXJHQXPEHURI LQWHUIHURJUDPV LVFRQFHUQHG WKHQHWZRUN WKH ,QSXW2XWSXW
,2DQGWKHVWRUDJHEDQGZLGWKFDSDELOLWLHVFDQEHFRPHDERWWOHQHFNIRUWKHSDUDOOHOSHUIRUPDQFHVRIWKHDOJRULWKP
7RRYHUFRPHWKHVHVFDODELOLW\OLPLWDWLRQVWKHLPSOHPHQWHG636%$6SURFHVVLQJFKDLQKDVEHHQSURSHUO\GHVLJQHG
WRHIIHFWLYHO\H[SORLWWKHFDSDELOLWLHVRIWKH'LVWULEXWHG6WRUDJH'6DUFKLWHFWXUH>@GHYHORSHGWRPLQLPL]HWKH,2
DQGGDWDWUDQVIHURYHUKHDG,QSDUWLFXODUWKH636%$6VROXWLRQEHQHILWVIURPDSURSHUGLVWULEXWLRQRIWKHSURGXFHG
LQWHUPHGLDWH UHVXOWV RQ WKH VWRUDJH XQLWV RI DOO WKH H[SORLWHG FRPSXWLQJ QRGHV 7KH DGRSWHG UDWLRQDOH FRQVLVWV LQ
GLVWULEXWLQJWKHGDWD,2DPRQJWKHGLIIHUHQWQRGHVDQGPDNLQJWKHSDUDOOHOSURFHVVHVZRUNDVPXFKDVSRVVLEOHZLWK
GDWD WKDW DUH SK\VLFDOO\ SUHVHQW RQ WKH ORFDO VWRUDJH RI WKH VSHFLILF QRGH WKXV SHUIRUPLQJ ORFDO UHDGLQJZULWLQJ
RSHUDWLRQV
)LQDOO\LWLVZRUWKQRWLQJWKDWWKHLPSOHPHQWHG36%$6SURFHVVLQJFKDLQIRU6HQWLQHOGDWDPD\EHDOVRSURILWDEO\
XVHGWR³DSSHQG´QHZLQWHUIHURJUDPVWRDOUHDG\SURFHVVHG',Q6$5DUFKLYHVDVVRRQDVQHZ6HQWLQHODFTXLVLWLRQV
DUH DYDLODEOH 7KLV SURFHVVLQJ VWUDWHJ\ LV SDUWLFXODUO\ VXLWDEOH WR ZRUN LQ RSHUDWLRQDO FRQWH[WV DLPHG DW WKH ULVN
PDQDJHPHQWDQGWKHQDWXUDOKD]DUGVPRQLWRULQJEHFDXVHRIWKHVLJQLILFDQWUHGXFWLRQRIWKHRYHUDOOFRPSXWDWLRQDOWLPH
IRUWKHJHQHUDWLRQRIXSGDWHGGHIRUPDWLRQWLPHVHULHVZKHQQHZ6HQWLQHOGDWDDUHDFTXLUHG
2.2 Preliminary large scale Sentinel-1 P-SBAS analysis: dataset and P-SBAS results
7KHH[SHULPHQWDODQDO\VLVZDVFDUULHGRXWE\H[SORLWLQJ6HQWLQHO$LQWHUIHURPHWULF6$5GDWDVWDFNVDFTXLUHG
RYHUWKHVRXWKHUQSDUWRI,WDO\DQGLQFOXGLQJDOVRWKHDFWLYH&DPSL)OHJUHLFDOGHUDDQGWKH9HVXYLXVYROFDQRZLWKLQ
WKH1DSROL%D\DUHD
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7RWRWDOO\FRYHUWKHDUHDVRILQWHUHVWZHH[SORLWHGDERXW6$IUDPHVDFTXLUHGIURPGHVFHQGLQJRUELWV7UDFNV
VSDQQLQJWKHWLPHLQWHUYDOIURP2FWREHUWR0DUFKDQGDSSUR[LPDWHO\FRYHULQJDQDUHDRI
DERXWNP:HH[SORLWHGIRUVXFKDQDQDO\VLVPRUHWKDQGLIIHUHQWLDOLQWHUIHURJUDPV
,Q)LJDDQLQVLJKWRIWKHODUJHVFDOHUHVXOWVDFKLHYHGRYHUWKH1DSROL%D\DUHDLVVKRZQ7KHDQDO\VLVKLJKOLJKWV
DVLJQLILFDQWGHIRUPDWLRQSDWWHUQLQFRUUHVSRQGHQFHWRWKH&DPSL)OHJUHLFDOGHUDWKDWLVFRQILUPHGLQWKHSORWSLFWXUHG
LQ)LJEZLWKWKHFKURQRORJLFDOVHTXHQFHRIWKHFRPSXWHGGLVSODFHPHQWVIRUDVSHFLILFSL[HOORFDWHGZLWKLQWKH
PD[LPXPGHIRUPDWLRQDUHD
6HQWLQHO36%$6SURFHVVLQJFKDLQLQ$:6HQYLURQPHQW
$VDOUHDG\PHQWLRQHGLQWKHSUHYLRXVSDUDJUDSKV6HQWLQHOV\VWHPLVFKDQJLQJWKHUHPRWHVHQVLQJVFHQDULRRZLQJ
WRLWVELJGDWDVL]HKLJKUHYLVLWWLPHDQGJOREDOVFDOHFRYHUDJH,QSDUWLFXODUWRHIIHFWLYHO\H[SORLWWKLVODUJHDPRXQW
RIDYDLODEOHGDWDDGHTXDWHFRPSXWLQJUHVRXUFHVERWKLQWHUPVRIQXPEHURIQRGHVDQGIHDWXUHVDUHUHTXLUHG,QWKH
SHUVSHFWLYHRIGHDOLQJZLWKKXJHGDWDIORZVSODWIRUPVVXFKDVGHGLFDWHGFOXVWHUFDQWXUQRXWWREHOLPLWDWLYHKHQFH
WKHPLJUDWLRQWRZDUGV&ORXG&RPSXWLQJHQYLURQPHQWVLVDSURPLVLQJVROXWLRQWRRYHUFRPHVXFKFRPSXWLQJUHVRXUFHV
ERWWOHQHFN
$FFRUGLQJWR>@LQWKLVZRUNSUHOLPLQDU\UHVXOWVUHOHYDQWWRWKH6HQWLQHO36%$6GHSOR\PHQWRQ$PD]RQ:HE
6HUYLFHV$:6&ORXGDUHSUHVHQWHG$VDQH[SHULPHQWDODQDO\VLVZHSHUIRUPHGWKHJHQHUDWLRQRIDVLQJOHGLIIHUHQWLDO
LQWHUIHURJUDP LQRUGHU WR HYDOXDWH WKH36%$66 VFDODEOHSHUIRUPDQFHV7KLV WHVWKDVEHHQPDGHE\DGRSWLQJD
FRPSXWLQJDUFKLWHFWXUHZLWKD'6VROXWLRQ>@ZKLFKDOVRLPSOLHVWKHSRVVLELOLW\WRH[SORLWSURFHVVLQJIDFLOLWLHVZLWK
SHUIRUPDQFHVQRWYHU\KLJKLQWHUPVRI,2DQGQHWZRUNEDQGZLWKWKXVUHGXFLQJWKHFRVWVRIWKHUHOHYDQWDQDO\VLV


)LJD/LQHRI6LJKW/26PHDQGHIRUPDWLRQYHORFLW\PDSRIWKH1DSROL%D\$UHDZKLFKKDVEHHQJHQHUDWHGYLDWKHSUHVHQWHG6HQWLQHO
36%$6SURFHVVLQJFKDLQE3ORWRIWKHUHWULHYHGGLVSODFHPHQWWLPHVHULHVUHOHYDQWWRDSL[HOORFDWHGZLWKLQWKHDUHDRIPD[LPXP
GHIRUPDWLRQRIWKH&DPSL)OHJUHLFDOGHUD
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